Biogas is an environmentally friendly and clean, pollution-free fuel. In this paper, biogas generators have been researched in order to study the use of pig farm biogas in China. First, the pig farm biogas components are grouped, tested, and formulated. Since the biogas combustion process is not the same as for gasoline, biogas processing is carried out in a constant volume bomb combustion test, thus, the different components of biogas combustion speed, combustion pressure, and other information become available. The biogas combustion process in the combustion chamber and movement are simulated, and the cylinder pressure, speed, and temperature conditions are obtained. As can be seen from the experimental results, the biogas combustion speed is lower than that of gasoline, the ignition timing generator needs to be adjusted. In order to reduce the possibility of post-combustion occurring in the combustion chamber, certain combustion chamber swirl movements should be organized. The results show that by adjusting the ignition timing, air movement, and other factors, biogas can be used as fuel in generators.
INTRODUCTION
Biogas is a combustible gas which can be generated through the microbial fermentation of organic matter under anaerobic conditions [1] . It can be obtained by various methods. Biogas obtained by anaerobic fermentation of livestock manure is not only environmentally friendly, but also important for the rational use of energy [2] . In fact, biogas is a combustible gas with a high calorific value, and the calorific value is about 20 -25 MJ / m 3 [3] [4] [5] . Therefore, at the time of use, one cubic meter of biogas contains the equivalent of 0.8 kg calorific value of coal. Compared with other fuel, the biogas antiknock performance is better. Therefore, biogas is considered a good, clean fuel. Biogas is mainly composed of methane and carbon dioxide gas, and also contains a small amount of nitrogen, hydrogen, oxygen, and hydrogen sulfide, etc [6] [7] [8] .
Biogas has been utilized for a long time. The use of largescale digester biogas power generation harbors good prospects for the effective use of biogas. As the fuel components of the biogas composition for conventional generators are not the same, it is necessary to analyze the biogas composition and study the methane flow in the combustion chamber and the combustion conditions [9] [10] [11] . For the study, a gasoline generator is converted into a biogas generator, as shown in Figure 1 . The main structural parameters of a biogas generator are shown in Table 1 . 
BIOGAS TEST

Biogas composition analysis
Since the method of preparation or sources are not the same, the biogas composition will be different [12, 13] . Further, the proportion of methane in the case of the components will directly affect the biogas combustion process in the combustion chamber, thus affecting the output power of the generator [14, 15] . Therefore, the composition of the pig farm biogas needs to be studied first. In the dry air temperature of 20 ℃ -25 ℃, relative humidity of 69% -73%, atmospheric pressure of 94.6 kPa -96.8 kPa, pig farm biogas components have been measured in three installments. A meteorological spectrograph is used to measure the composition of methane, and the results are shown in Table 2 . Based on the above experimental results, the pig farm biogas in the standard state of low calorific value is 24.625 MJ / Nm 3 , the corresponding density of the gas methane is 1.052 kg / Nm 3 .
Biogas combustion velocity test
A biogas generator is a typical internal combustion engine. A premixed laminar flame is the basis of the premixed turbulent combustion model, which provides a detailed chemical reaction that occurs during combustion research dynamics [16] [17] [18] . It is also an important means to clarify the combustion mechanism.
The main components of biogas are methane and carbon dioxide [10, 19] . Research shows that methane's combustion speed is slightly slower than that of some of the gasolines, which is about 37.3 cm / s. At the same time, carbon dioxide has little inhibitory effect on combustion. Therefore, the biogas combustion speed is slower than that of methane [20] . Biogas fuel burns slowly, resulting in the biogas combustion engine's combustion duration becoming longer, reducing the combustion efficiency, serious post-combustion, a rise in exhaust temperature, reliability, and a deterioration in engine economy, and the like [21, 22] . Therefore, the biogas premixed laminar flame and combustion characteristics in this study can provide a theoretical basis for the development of control strategies for biogas engines.
In order to study the effect of carbon dioxide gas on the combustion of methane gas, an experiment on the combustion rate of mixes with different proportions was carried out. The test equipment is mainly composed of a constant volume combustion bomb, a light path system, an air distribution system, an ignition system, a data acquisition system, and a high-speed camera system, as shown in Figure 2 .
A mixture of methane and carbon dioxide was used as the research object. The experimental study was carried out in a constant volume combustion bomb, and compared with pure methane, the laminar burning characteristics of biogas were obtained. The combustion speed is the movement speed of the reaction zone corresponding to the non-combustible gas mixture [23, 24] . The burning rate of pure CH4 and the mixed gas of 70% CH4 and 30% CO2 were measured respectively in the experiment, and the test results are shown in Figure 3 . As can be seen from the figure, the burning rate of the two gases has the same change trend. In the early stage of flame propagation, the burning velocity is small. With an increase of the flame radius, the combustion speed in the flame radius between 5 and 10 mm increases rapidly. Especially after 10 mm with the radius increasing, the combustion speed change rate decreases and the numerical tends to a constant value. It can be seen that once the flame radius is greater than 5 mm, the burning rate of pure CH4 is higher than 70% of the CH4 and 30% of the CO2 mixture. This is because the CO2 in the mixed gas has a strong inhibitory effect on combustion, so the burning rate of biogas has become slow.
Biogas combustion pressure test
During the combustion process, the maximum combustion pressure comes sooner or later, which has a significant impact on the performance of the internal combustion engine [17, 22] . Experimental measurements were also carried out on the combustion pressure of CH4 and 70% of CH4 and 30% of CO2 mixture using experimental equipment. The experimental results are shown in Figure 4 . The figure shows that pure CH4 combustion is faster, and the pressure rise rate is greater. With a burning time of 125 ms, pure methane combustion reaches the maximum combustion pressure 0.67 Mpa. Due to the addition of CO2, the mixed gas combustion speed becomes slow, the highest pressure is prolonged, and the maximum pressure is also reduced. At 175 ms time, the combustion gas mixture reaches a peak pressure of 0.57 Mpa. Therefore, as CO2 is added to the combustion of the mixture in the entire combustion process time required for growth, the combustion rate of CO2 inhibition becomes more obvious. Due to the high CO2 content in biogas, the combustion is strongly inhibited. So that the combustion pressure has time to reach the highest growth, the entire combustion process is extended. Thus, with respect to the methane combustion engine, it must be adjusted according to changes in its composition of air-fuel ratio and ignition timing, and appropriate control strategies to improve the economy and power need to be developed. So, studying biogas combustion gases is crucial. 
of spark-ignition internal combustion gas becomes particularly important [8, 15, 23] . In order to analyze the influence of a shallow bowl-shaped cylinder chamber on the combustion of mixed gas, a gas generator combustion was numerically simulated. Since the center of the combustion chamber is symmetrical, to save time, 1/8 of the volume of the combustion chamber space is studied. Figure 6 is 1/8 the volume's grid graph of the biogas generator combustion chamber at 320 ° CA.
Calculation is set to start from the 228 ° CA (intake valve closed) to 484 ° CA end (exhaust valve opening). The computing speed is set to 1500 r / min, and the spark advance angle is 27 ° CA BTDC. Biogas components are set in accordance with the experimental results in Table 2 . In the calculation, the standard    two-equation model is adopted as the origins of the gas flow model, and the spark ignition model is set to the ignition model. The biogas combustion is set to CFM-2A continuous flame model, NOX is generated using the Zeldovich model, and the KennedyHiroyasu-Magnussen model is set to the soot generation model. Boundary conditions are set as shown in Table 3 .
Table 3. Boundary conditions Position Temperature（K）
The cylinder head wall 520
Cylinder 475
Piston surface 550
Fuel 320 Figure 7 . Cylinder pressure graph Figure 7 is a graph of cylinder pressure biogas generators of 4102 obtained by calculation. The internal combustion engine fuel is biogas, therefore, the flame propagation velocity of the mixture is slow. This has resulted in the burning rate of the combustible mixture slowing down, thus, the ignition timing is adjusted to 27 ° CA BTDC. By simulation, it can be seen that the mixture is ignited at 336 ° CA (-27 ° CA BTDC), and the maximum value of the combustion pressure appears at 380 ° CA (20 ° CA ATDC). This is because the gas burns slowly, and the maximum instantaneous rate of heat release needs to be reached over a long time. With post-combustion, combustion continues until 430 ° CA (70 ° CA ATDC) and is basically about to be completed.
Cylinder pressure
350°CA
355°CA
360°CA 370°CA Figure 8 . Cylinder pressure Figure 8 shows the pressure in the cylinder at different times in the combustion chamber. The pressure in the combustion chamber gradually changes with the operation of the crankshaft. In the vicinity of the TDC, the highest pressure occurs near the center of the combustion chamber, which is advantageous for improving the dynamics of the engine. Compared with the combustion chamber center, the pressure in the combustion chamber pit is lower. It is presumed that the swirling motion in this area is strong, and a negative pressure zone is formed, leading to a decrease in pressure. Figure 9 shows the temperature profile of the generator at different times when biogas is used as the fuel. The spark plug is ignited at 24 ° CA BTDC, and it can be seen that even at 350 ° CA, the highest temperature region in the cylinder is only concentrated in a smaller region near the spark plug. The temperature appears as surrounding radiation, and the vast majority of the combustion chamber of the cylinder has a low temperature. This is mainly because the activation energy of biogas is high, which leads to the slow propagation of the flame, and the combustion cannot be fully developed in the whole combustion chamber space in a short time. With the further development of the combustion process, the hightemperature region in the combustion chamber gradually spreads from the vicinity of the spark plug to the cavity and around the combustion chamber. During the whole combustion process, the region near the spark plugs becomes a high-temperature region.
Combustion temperature
350°CA 360°CA 370°CA 380°CA Excellent combustion chamber design can reasonably guide the flow of gas mixture in the cylinder, so that the gas is completely burned to improve the output performance of the internal combustion engine. Therefore, the study of gas flow in the cylinder is very important. Figure 10 shows the velocity field of the mixture in the cylinder of the internal combustion engine at different times.
As can be seen from the figure, before 320 ° CA, the direction of movement of the cylinder gas mixture is from bottom to top. In addition to the combustion chamber pit portion, the vast majority of the mixed gas space velocity is low. Moreover, almost no swirling motion is generated. This is because of the unique design of the shallow bowl-shaped combustion chamber, which can produce a small vortex.
When the compression process continues at between 320 ° CA to 340 ° CA, a weak vortex with counterclockwise movement is gradually formed, which is mainly produced in the pit portion of the combustion chamber. At this stage, the main direction of the cylinder air movement is from the bottom to the top, and the high-speed area is located at the bottom of the combustion chamber and the position of the backlash. Starting from 350 ° CA, in the area above the pit portion of the combustion chamber a swirling motion in counterclockwise direction gradually forms. The center position speed of the vortex region is not high, compared with the velocity of the center of the combustion chamber. The high-speed motor area of the combustion chamber portion of the pit gradually shifts to the side, which is a major cause of the indoor combustion vortex formation. As the intensity of the vortex compression process increases, it is near the TDC peak. During the compression process, the vortex strength increases, and reaches its maximum in the vicinity of the TDC. After that, as the piston comes down, the counterclockwise swirling motion turns clockwise. The vortex center gradually shifts from the position of the combustion chamber to the backlash surrounding the pit portion. The intensity of the swirling motion gradually weakens, which shows a substantially opposite process to the compression process of the air movement.
If the shallow basin-shaped combustion chamber is not organized, there is a violent movement caused by cylinder turbulence. Compared with gasoline, biogas combustion is slow. The shallow bowl-shaped swirl chamber formed in the vicinity of the TDC becomes larger, which increases the flame propagation speed and speeds up the combustion process. Clearly, the swirling motion of the cylinder strength is weak, and only slightly stronger in the vicinity of the TDC. Overall, due to the design of the shallow basin-shaped combustion chamber, the strength generated by its swirling motion is small.However, due to the high activation energy and slow biogas combustion, the swirling motion in the shallow bowl-shaped combustion chamber produces a smaller initial ignition that will contribute to the formation of a stable flame center. In order to avoid too large a swirling motion from influencing the formation of a spark plug, the ignition and flame center need to be reliable. In order to optimize the combustion process and improve the performance of the internal combustion engine, a reasonable exercise to boost the development of in-cylinder gas flow velocity needs to be conducted, thereby speeding up the process of combustion, and the performance of the internal combustion engine needs to be further improved, taking into account the generator produces a certain degree of post-combustion.
CONCLUSIONS
Biogas ingredients are conducive to clean combustion, and can be obtained by a variety of ways. China's biogas contains an abundant amount and can be reasonably utilized. The use of biogas to generate electricity is pig farm biogas recycling, which has high economic and social value. To study the internal combustion engine's biogas utilization, a gasoline generator is converted into a biogas generator. Due to differences in gas composition, gas compositions from pig farms were tested to obtain a reasonable composition of biogas. Taking into account the different components of gasoline and methane, biogas combustions of different compositions were measured within a constant volume bomb. The cylinder pressure and combustion speed of biogas were thus obtained. On this basis, the generator combustion gas motion is simulated to obtain gas movement speed, pressure, and temperature conditions. The results show that by adjusting the ignition timing, compression ratio, and other factors and replacing the combustion chamber, biogas can be effectively utilized in a generator.
